This paper analyses the quality of well water and population susceptibility to cholera outbreaks with respect to income levels in some neighbourhoods of the city of Douala Cameroon. Well water quality is degraded by faecal coliforms, this enhances out breaks of diarrhoeal diseases (cholera). Generally, the population is dominated by the poor who cannot afford pipe borne water, they resort to contaminated wells. To verify population perceptions of poverty and susceptibility to cholera, one hundred questionnaires were administered. To determine the presence of faecal coliforms in well water, forty well water samples were collected from the neighbourhoods. The statistical package for social sciences (SPSS) was used to analyse the data while the water samples were subjected to microbiological analysis. The results show that, the presence of bacterial agents like vibrio cholerea, sucrose fermenting and non sucrose fermenting organisms in well water poses great health threats in the study area.
Introduction
Water is one of the most important resources to man after air. An average human requires about 70 gallons of water daily. This includes water used for drinking, taken up in food, taking a bath, flushing toilets and general domestic sanitation inter alia (Recreational Boating and Fishing Foundation (RBFF), 2010) . Ajaga, (2004) , reaffirms the importance of water when he notes, "No one can ignore the fact that water is the source of life. Without it there can be no plants, no animals nor humans. The pattern of human settlements, the way of life of a people and their world view is often influenced by the quantity and quality of water at their disposal". Therefore, if the planet earth has to be sustained, water has to be properly managed. Paradoxically, our global water resources are being degraded at a geometric rate and such degradations are anchored on anthropogenic sources (Acho-chi, 1998 ). The repercussions have been a kaleidoscope of public health problems with diseases such as cholera being rife.
The neighborhoods of Douala included in this study are Bepanda, Makepe, Nylon and Bonassama. Douala is the economic capital of Cameroon; this politico-economic qualifier has been due to the systematic growth of commercial and industrial complexes. It is a coastal wetland with huge amounts of water resources ranging from a myriad of sources amongst which are wells -the focus of this study, pipe borne water provided by the National water corporation now called Cameroon water corporation and numerous streams and rivers (Guevart et al., 2006; Ntaryike, 2004) .
The daunting question now is why so much talk about water in Douala when water resources tend to be so "abundant"? However, it is the quality of water in Douala that raises the problem and not the quantity. To go by Coleridge's verse, "water water everywhere, not a drop to drink". This is tenable with the current study area as the sources of water are abundant yet the quality remains a salient constraint. The "roots" of the crisis are anchored in the fact that the city is a millionaire city with a population of about 3 million people (Lambi et al., 2001) .
The issue of uncontrolled urbanization, proliferation of poor city new comers and the presence of almost 70000 urban wells is a call for concern (Guevart et al., 2006; Lambi et al., 2001) . This huge population has led to the "mushrooming" of industries, slums and squatter settlements which lack basic amenities such as clean water for drinking but have several shallow and polluted wells which are also closely located by pit latrines (Guevart et al., 2006; Ntaryike, 2004) . Wide scale land use and land cover changes as is the case of the study area will have vast effects on water quality and public health (Lambin et al., 2000) . This view is supported by LeBlanc et al., (1996) when they note that land use changes affect the quality and quantity of water. As such, land use change has increased the surge in diarrheal and water borne diseases (Intergovernmental Panel on Climate Change, (IPCC), 2007; Mani et al., 2008; Yilla et al., 2010) .
In the midst of this poor environmental sanitation picture, we find an antagonistic location of wells by latrines with a possible seepage of pollutants from the latrines into the wells being that the sub-stratum is that of a sedimentary basin (Todd, 1980; Dumort, 1968) . Therefore, this paper will verify population perceptions of poverty and susceptibility to water borne diseases such as cholera as well as analyze well water samples to find out if the latter is host to pathogens that could cause water borne diseases such as cholera. To our knowledge, this is the first study that sample wells in Douala for microbiological and cholera analysis.
Materials and methods

The study area
The study area is part of the Douala sedimentary basin. It is found in the littoral Region of Cameroon and more specifically it covers Bonassama, Makepe, Bepanda and Nylon neighbourhoods of Douala (figure 1). These areas have been selected because they have been seriously affected by cholera and the entire city of Douala could not have been placed in the sample frame for reasons of costs.
Relatively, the Littoral Region is bordered to the North by the Western province, to the West by the South West Region, to the South by the Atlantic Ocean and the Southern Region and finally to the East by the Centre Region. Absolutely, Douala lies between longitudes 9 o 40' E and 9 o 50'E of the prime meridian and within latitudes 4 o 00' N and 4 o 54' N of the equator.
Data collection
To determine the population's perceptions of poverty levels judged by income levels and the vulnerability of the different income levels to cholera outbreaks, one hundred questionnaires were administered. Twenty five questionnaires were administered to each of the neighborhoods. The method of administering the questionnaires was purely random and the questionnaires were designed to address issues of income levels and the respondents' knowledge of susceptibility and experience with cholera. Administration of these questionnaires was done in January, 2006 (Williman, 2006 Bryman, 2004) .
To determine water quality, forty well water samples were collected. Ten well water samples were collected from each of the neighborhoods. For each of the ten samples, five were collected in August, 2005 (rainy season) and five in January, 2006 (dry season). The temporal bias used in collecting samples in January, 2006 (dry season) was based on the premise that the area experiences wide scale water deficits at this time and pollution and recourse to unhealthy water sources is rife (Guevart et al., 2006; Mendelsohn & Dawson, 2007) . Those for the rainy season (August, 2005) were collected because wide scale floods had been reported responsible for depositing some pollutants from household sewage systems and latrines into wells (Guevart et al., 2006; Mendelsohn & Dawson, 2007) .
The samples were collected in 250 ml sterile plastic containers. The containers were unscrewed at the well and a wedge to increase weight tied at the mouth of the container along with a rope that is about 25m long. The rope and container were sent down the well and at water level the wedge descended the container into the well. Once the container was filled with water, the rope was pulled and the container was aseptically screwed, labeled and placed in an ice packed box for transportation. In the presence of ice the enzymes in the organisms become inactive and this kept them alive during transportation (Chakraborty, 1999; Cheesbrough, 1984; & Cheesbrough, 2000) . The samples were transported to the microbiology laboratory of the University of Buea, some 30 minutes from Douala.
Data analysis
The questionnaires were analyzed using the statistical package for social sciences (SPSS) version 19. This enabled the establishment of a relationship between poverty or income levels and population perceptions and experiences with cholera. This was done by coding the questionnaires to come out with different perceptions of the population with respect to income levels. After the coding, the data was entered into the software based on the created income groups or poverty levels. The software was then run to come out with the different trends.
At the laboratory the water samples were cultured in 20 test tubes (per sampling session) with alkaline peptone water (APW) at a pH of 8.6. The pH of 8.6 renders the medium selective for vibrio enrichment (Chakraborty, 1999) . The culturing was done at room temperature of 37 o C and this phase lasted for 24 hours. On the second day, incubates were further sub-cultured on Thiosulphate Citrate Bile Salt Sucrose agar (TCBS). All sub-culturing was done at 37 o C. The TCBS was prepared by diluting 8.8 grams of TCBS powder in 100 ml water. The mixture was boiled at 100 0 C and allowed to cool down to 37 0 C. The mixture was then poured on 20 Petri dishes (per sampling session), this was followed by the application of the alkaline peptone water broth (0.1 ml) on the sterile TCBS agar plates (Petri dishes). A sterile wire loop was used to streak the alkaline peptone water on the TCBS agar (streak method). The Petri dishes were now incubated at 37 o C for 14 hours (Mendes et al., 2008) .
The original color of the TCBS on the Petri dishes was blue but after the 14 hours incubation the isolates were observed to establish the presence or absence of large colonies of sucrose fermenting organisms (SFO) or Non sucrose fermenting organisms (NSFO). The observed patterns of growth after sub-culturing were as follows: + scanty, ++ moderate, +++ profuse. The colonies that harboured sucrose-fermenting organisms were yellow in color while those that had Non-Sucrose fermenting organisms were greenish in color (Mendes et al., 2008) .
The isolates were now smeared on glass slides in thin films using a sterile wire loop or swab. The slides were allowed to dry and then the samples were fixed to the slides by passing the slides over the flames of a Bunsen burner. Precaution was taken so that the slides should not be too hot to hold. This is important because slides that are not properly fixed will be washed out during gram staining. During gram staining, crystal or gentian violet was applied and after 10 second it was washed under slow flowing water. Then, iodine was applied and after 10 seconds it was also washed under slow flowing water. The slides were carefully decolorized with 95% ethanol until the thinnest parts became colorless and later washed under slow flowing water. This was followed by the application of safranin and washed again after 10 seconds. At this point, the slides were allowed to dry at room temperature after which they were viewed under the microscope. Organisms that retained the violet iodine complexes appeared purple and were said to be gram positive while those that lost these complexes appeared pink after the counter staining with safranin and were equally gram negative.
From gram staining, colonies that had vibrio cholerae which causes cholera were gram negative, must have been greenish in color meaning NSFO had grown on them, were highly motile and oxidase positive (Cheesbrough,
Results
Based on the 100 questionnaires that were administered this study has found out that there is a strong link between poverty levels represented as income levels and the number of people affected by water borne diseases such as cholera. In fact, when income levels are low the incidence of cholera is high whereas, the incidence of cholera decreases as income level increase (Figure 2 ).
As seen on figure 2, for the income group 5-20000 Francs CFA (French meaning: Coopération financière en Afrique centrale, English meaning: Financial Cooperation in Central Africa), 32 of the respondents report haven had an experience with cholera due to poor quality well water. In the case of the second income level that ranges from 21000-50000 Francs CFA, 15 respondents report haven had an experience with cholera. All subsequent income levels above 51000 Francs CFA do not report any cases of experience with cholera. Therefore, we can say that there is an inverse relationship between income levels and population susceptibility to water born diseases such as cholera. This is seen as the incidences of susceptibility to cholera outbreaks is higher for lower income groups and lower for higher income groups.
The results of the chemical analysis are presented in table 1, 2, 3 and 4. Note that for each of the neighbourhoods, the first five samples were collected in the rainy season (August, 2005) while the last five were collected in the dry season (January, 2006) .The temporal basis was applied to verify if variations would exist with changes in seasons. The results for Bepanda show that out of the ten wells sampled only sample eight that was collected during the dry season had vibrio that causes cholera. This sample equally had the presence of gram negative curved rod bacteria and the growth of non sucrose fermenting organism. However, the presence of gram negative rod in the other samples that are labelled non vibrio was an indication that the current non pathogenic organisms observed could revert to a pathogenic state. In Nylon, samples four and five (rainy and dry season samples) had vibrio. Just as in Bepanda, these samples were observed to have gram negative curved rod bacteria and experienced the growth of non sucrose fermenting organisms. These observed organisms where an indication that well water remains a deadly threat to health in this neighbourhood as the non pathogenic organisms can revert to a pathogenic state. In Makepe, non of the samples had vibrio. However, the presence of potentially pathogenic substances such as the gram negative rod organisms and all indicate a potentially deadly situation. Finally, in Bonassama, only sample four (rainy season sample) had vibrio; this sample equally had the presence of non sucrose fermenting organisms. Again, with the presence of the gram negative rod, this non pathogenic sample can revert to a pathogenic state. Generally, all samples that had vibrio also responded positively to the motility tests, had gram negative curved rod bacteria and had NSFO.
Discussion
This study has validated the hypothesis that there is an inverse relationship between income levels and population susceptibility to water borne diseases such as cholera. This view has been supported by Misselhorn, (2004) , who notes that access to food and good quality water is often limited by poverty. Guevart et al., (2006) also notes that cholera in Douala has been endemic since 1971 and the main causes of this endemism are uncontrolled urbanisation dominated by poor city new comers who lack access to clean water. The notion here is that when people are poor their access to pipe borne water is limited. They resort to suspicious water found in shallow wells and urban streams that are highly polluted. This finding is also consistent with the conclusion of Mendelsohn & Dawson, (2008) who observe that cholera is a disease that is not only propagated by poor sanitation but also by poverty.
Water remains a major source of spread of cholera and most other water borne diseases. Mintz & Guerrant, (2009) confirm this when they argue that lack of safe drinking water can cause death. This view is consistent with views that water contaminated by either faecal coliforms or sewage could lead to cholera (Glass et al., 1991; Akoachere et al., 2008) .
Looking at the seasonal variations of the potential outbreaks, we observe from our results that of the four samples that had vibrio cholerae, three were collected during the rainy season and one in the dry season. The rainy season results are consistent with results from other studies that hold that during the rainy season extreme rainfall can fill in sewage systems and this can in turn lead to wide scale seepage and flow of runoff into wells (Mendelsohn & Dawson, 2008) . Singh et al., (2001) argued further that there is a strong link between extreme rainfall and diarrhoeal diseases in Fiji. However, it can also be argued that the quantity of water available in an area during the dry season can also cause cholera outbreaks. This is so because at this time wide scale shortages of water cause the population to resort to doubtful sources of water. Inadequate rainfall can therefore lead to elevated incidences of cholera because of limited supplies of water; this is the reason why though the samples collected during the dry season show that just one well was fully positive for vibrio cholerae, such samples should be watched because they can easily revert to harbouring pathogenic strains of cholera (Mendelsohn & Dawson, 2008) . According to Fernandez et al., (2009) the cholera epidemic often begins with a rise in temperature in the dry season and peaks up during floods in the rainy season. The interactions between temperature changes and rainfall should be considered as factors that go together since they reinforce each other and make an already bad environmentally planned landscape a daunting one.
The well water samples collected and tested showed the presence of vibrio cholerae, non-vibrio, gram -Ve curved rod and gram -Ve rod bacteria. The general implication of these results is that the quality of well water is very low and the potentially pathogenic samples could revert to a pathogenic state. The low occurrences of Vibrio cholerae can be explained by the fact that the samples were collected during inter epidemic periods when there was a deprivation of food for the organisms and variations in pH and temperature. Thus, the culturing of potentially epidemic bacteria was limited by the fact that during such inter epidemic periods, traditional culture media or lack of techniques for the detection of a small number of cells of the viable non-culturable (VNC) vibrio makes it difficult to retrieve all vibrio from water ( Mendes et al., 2008) . However, the methodology used in sampling these organisms remains the "gold standard for cholera diagnosis...." (Mendes et al., 2008) . This is confirmed by Chakraborty et al., (1999) when they describe the application of alkaline peptone water followed by culturing on thiosulphate citrate bile salt sucrose agar and incubation as described in the methodology above.
Conclusion
Following the findings of this paper, it is possible that the wells in these neighbourhoods remain potential sources of cholera outbreaks. To make things worse, the poor masses with very low incomes are likely to be the essential precursor of any possible outbreaks. In August, 2011, nationwide outbreaks in poor neighbourhoods in Cameroon have proven this again. In this study, in spite of the fact that only four wells in total had vibrio cholerae, the presence of other substances such as sucrose fermenting organisms, non sucrose fermenting organisms, gram -and gram + bacteria all indicate that the water quality in the wells remain potential public health threats and sources of cholera outbreaks. It is important to state here that the observed level of occurrence of vibrio was because the samples were collected during an inter epidemic period. However, the methods used here remain very valid. This study recommends that municipal authorities should take action by enacting and implementing laws that will control the sitting of latrines, disposal of wastes, and provision of pipe borne water. The inhabitants should also be educated on common ways of avoiding cholera and treatment of water. In the area of research, this paper proposes that other large scale studies be carried out to verify some of the hypotheses made by this paper. Being that cholera continues to be a year in year out issue, this study calls on the government and municipalities to be implicated in salvaging the situation by making funds readily available for research. 
